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ABSTRACT

Objective: To evaluate morphine's risk-benefit profile in the
treatment of acute heart failure.

Method: Different electronic databases, including PubMed,
MEDLINE, Cochrane Library, and Google Scholar, as well as
clinicaltrails.gov, were searched for articles published between
2012 and 2022. The risk of bias in the present study was evaluated
by employing randomized controlled trials (RCTs) checklist that
assesses the effectiveness of new interventions through random
assignment of participants to different treatment groups. The two-
part tool was used to address the five specific domains such as
selection bias, performance bias, detection bias, attrition bias, and
selective reporting bias. Evaluation of the quality of diagnostic
accuracy studies was conducted using the RevMan software (version
5.4), a quality assessment tool.

Results: A total of 13 studies were included in the present review,
in which there were 5 retrospective studies, 3 randomized-control
studies, 2 prospective studies, 1 multicenter pharmacodynamics
study, 1 multicenter cardiac magnetic resonance imaging study,
and 1 open-label, cross-over study. The mortality of acute heart
failure patients treated with morphine was higher compared to those
without morphine.

Conclusions: Acute heart failure patients who do not receive
morphine have a lower mortality rate compared to those who
receive morphine. Considering the adverse effects, including
mortality associated with morphine, there is a pressing need for
further research to explore alternative and effective treatment options

in acute heart failure.

KEYWORDS: Acute heart failure; Hospital mortality; Morphine;

Side-effects; Invasive ventilation

1. Introduction

Acute heart failure (AHF) is characterized by an unexpected
deterioration of cardiac function along with a sudden onset of its
symptoms and signs[1]. As a result of AHF, patients often experience
dyspnea (shortness of breath) and fatigue, as well as typical physical
symptoms, including pulmonary rales (abnormal crackling sounds),
peripheral edema, or distended jugular veins[2].

It is estimated that heart failure affects 2% of the adult population
in developed countries and hospital admissions due to heart failure
have tripled since the 1990s[3]. Globally, AHF’s mortality hovers
around 4% which later rises to 10% at 60-90 days after discharge,
and it may increases to 25%-30%[4-8]. The International Congestive
Heart Failure prospective cohort study found that countries with a
higher percentage of young people have a higher 1-year mortality
due to heart failure, such as India and Africa[9]. Since AHF
frequently results in cardiogenic shock, it is regarded as a high-
risk factor for mortality[10] and requires immediate diagnosis and
treatment.

Based on the class-IIb level of evidence, morphine has been

recommended for several decades to improve severe pulmonary
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edema in AHF patients[11,12]. Several studies have revealed that
morphine has some vasodilatory properties (described between
the 1960s and 1980s)[12-14] suggesting that it is beneficial for the
treatment of AHF. Morphine can reduce venous tone and increase
peripheral venous pooling, thereby decreases cardiac filling pressure.
AHF therapy must reduce the filling pressure as soon as possible;
hence the use of morphine might be beneficial. Furthermore, it
has an anti-anxiety effect and could decrease both the preload
and afterload by decreasing the action of the sympathetic nervous
system([15].

Despite a shortage of evidence to support its prolonged usage,
morphine has long been utilized in patients with AHF due to
its anxiolytic and vasodilatory effects. But like any other drugs,
morphine also comes with adverse effects such as central nervous
system suppression as well as depression of ventilation[16,17]. For
these reasons, several studies advised against the use of morphine
in treating AHF patients[18,19]. The risk-benefit ratio should be kept
in mind when morphine is used to treat heart failure patients[20,21].
Hence, the present review was conducted to highlight the risk as

well as the benefit of morphine in treatment of AHF.

2. Methods

This systematic review was piloted in accordance with the preferred

reporting for the systematic review guiding principles.

2.1. Search strategy

We conducted a literature search on major electronic databases such
as MEDLINE, PubMed, Scopus, Web of Science, Wiley, Embase,
the Cochrane Library, as well as clinicaltrails.gov, for articles that
were published between 2012 and 2022. A geographic restriction
was not applied to the search. We combined terms such as “morphine”
and “mortality” with “AHF”, and used the boolean operator “AND”
to combine keywords in the search. The following terms were used
for the literature search: “effect of morphine in treatment of AHF”,
“risk of AHF”, and “benefits of morphine in AHF”.

2.2. Inclusion and exclusion criteria

The articles that met the following inclusion criterion were

Figure 1. The study flowchart.
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selected: 1) human-based studies; 2) written in English; 3) published
after 2012; 4) containing extractable data, such as all-cause mortality
and in-hospital deaths, 5) providing information about the effects
of morphine on the treatment of AHF, and 6) describing the risk or
benefit of morphine in the treatment of AHF.

Articles that were not relevant to morphine or AHF and written in
languages other than English, as well as not providing sufficient data

such as abstract, editorial, and comment, were excluded.

2.3. Statistical analysis

In this study, risk of bias was evaluated using the tool RevMan
5.4.1 according to the Cochrane Review Guidelines (Higgins 2011).
Five specific domains were addressed by the two-part tool. “Risk
of bias” tables were included in each domain. A study entry begins
with a description of what was reported to have happened during the
research. Second, the tool includes assigning a judgment about the

entry's bias risk: low risk, unclear risk, or high risk.

3. Results
3.1. Study selection

On the initial search, 989 records were found and 6 additional
records were found by reference search. After the initial search,
306 duplicates were excluded. Among the remaining 689 records,
513 were excluded because of that some articles are not original
studies (n=87), had missing parameters (n=256), were irrelevant to
the present study (n=72), and about 98 articles were removed for
not relating to “morphine” or “acute heart failure”. The contents
of 176 articles were fully assessed. Upon reviewing the full texts,
articles that have a small sample size (n=33), have no publication
date (n=26), are not written in English (n=43), as well as are letters,
case reports or reviews (n=61), were excluded for the final review.
After completing the screening, a total of 13 studies, published
between 2012 to 2022, were included for data analysis in this present

systematic review (Figure 1).

Random sequence generation (selection bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)
Selective reporting (reporting bias)

Other bias

3.2. Studies characteristics

The present systematic review included 13 studies, in which
there were 5 retrospective studies, 3 randomized-control studies,
2 prospective studies, 1 multicenter pharmacodynamics study, 1
multicenter cardiac magnetic resonance imaging study, and 1 open-
label, cross-over study. Among the included studies, 3024 patients
were treated with morphine, and 14323 patients were not treated
with morphine. The mean age was 68.17 years in the morphine
group and 64.92 years in the control group. The basic features of the

included studies are presented in Table 1.

3.3. Mortality rate

Among the 3024 patients who received morphine, 534 (17.65%) of
them died. Out of 14323 patients without morphine, 1160 (8.09%)
died.

3.4. Quality assessment

Figure 2 shows the bias assessment for the 13 included trials. Serious
procedural inadequacies were established in all trials for at least one
bias domain. In this review, 10.76% of the trials, randomization was
inadequate or nonexistent, blinding of outcome assessors was missing
in 58.46% of trials and the risk was unclear in 30.76%.

4. Conclusion

According to Gil et al., morphine has anti-anxiety, vasodilator, pain-
relieving, sedative qualities that make it an effective treatment for
acute pulmonary edema as well as AHF[34]. However, contrasting
protocols for morphine administration are noted by the American
Heart Association/American College of Cardiology and European
Society of Cardiology which supports the use of morphine only for
the palliative therapy of end-stage heart failure[35]. However, some
other guidelines suggested that only use morphine for cases with

severe breathing complications or prominent pulmonary edema(10],

il
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Figure 2. Risk of bias review of included studies.
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Table 1. Basic features of included studies.
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Author and year Ref

Study design

Sample size (r)

Age, year

(Mean-SD)/(Median, Q1, Q3) X

Mortality
cases/ratio

Outcome

Mird et al.
(2017)

Parodi et al.
(2014)

Puymirat et al.
(2016)

Kubica et al.
(2016)

Thomas et al.
(2016)

Le Corvoisier et al.
(2018)

Caspi et al.
(2019)

Johnson et al.
(2019)

Dong et al.
(2020)

(18]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Retrospective study

Multicenter
pharmacodynamic
study

Prospective
multicenter study

Randomized,
double-blind,
placebo-controlled
IMPRESSION trial

Open-label, cross-
over study

Randomized
controlled trial

Retrospective study

Randomized
placebo-controlled
trial

Retrospective study

MG:
CG: 6100

MG:
CG:

MG:
CG:

MG:
CG:

MG:
CG:

MG:
CG:

MG:
CG:

MG:
CG:

MG:
CG:

416

95
205

453
1985

45
45

672
72

21
24

125
150

MG: 80.7+10.2
CG: 81.1£10.1

MG: 62.0+13.0
CG: 61.1£12.6

MG: 59.3£13.9
CG: 64.2+14.6

MG: 60.7£10.5
CG: 62.5£10.5

MG: 64 (59, 66)
CG: NR

MG: 59.9£13.2
CG: 56.5£10.6

MG: 78+11
CG: 75+12

MG: 74.4+6.0
CG: 70.1£14.0

MG: 61.70+13.67
CG: 58.71x13.03

M/F

M/F

M/F

M/E

M/F

MG: 55 deaths
CG: 35 deaths

MG: 2 deaths
CG: 7 deaths

At 1 year, crude
mortality rates were
reduced in patients
with morphine
(3.3%) than in

the ones without
morphine (8.7%)
MG: 0 death

CG: 0 death

NR

MG: 0 death
CG: 1 death

MG: 17.4% in-
hospital mortality
CG: 13.4% in-
hospital mortality
(OR=1.43,95%
CI: 1.05-1.98,
P=0.024)

MG: 0 death

CG: 1 death

MG: 19 deaths
CG: 10 deaths

The use of intravenous morphine
in AHF may be linked to an
increased 30-day mortality.

The use of morphine is associated
to a delayed onset of the oral
antiplatelet medicines' actions.
After morphine propensity
adjustment and exclusion of
individuals who had vomited, this
connection remained.

Morphine pre-hospital-use in
STEMI patients has been shown
not to result in worse hospital
outcomes or higher mortality.

All three methods of platelet
reactivity assessment showed

a stronger antiplatelet effect in
the control group and a greater
prevalence of high platelet
reactivity in patients receiving
morphine.

The administration of intravenous
morphine considerably delayed
the onset of action of prasugrel.
Intravenous drugs may be essential
to decrease the risk of acute stent
thrombosis in morphine-treated
STEMI cases suffering from
primary percutaneous coronary
intervention.

The effect of intracoronary
morphine at reperfusion on infarct
size and left ventricle systolic
function was not significantly
reduced in patients with STEML
Among AHF patients, morphine
administration significantly
increased the risk of in-hospital
mortality and mechanical
ventilation was essential due to
hemodynamic deterioration.

The use of morphine should be
restricted to those who are unable
to address their symptoms through
other methods, as well as with
early management of side effects.
In STEMI patients with AHF,

it was warranted to increase
consciousness of the potential
adverse clinical effects of
intravenous morphine-use in the
hospital, such as cardiac mortality
as well as invasive mechanical
ventilation.
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Table 1. Continued.

Author and year Ref  Study design  Sample size () (Mean<: SDI)&/IZ;IS/;:’(:::‘m, 01,03) Sex clfs(:;:::z) Outcome
Kawaguchi et al.  [30] Retrospective study MG: 47 MG: 73.5+11.4 M NR In advanced heart failure patients,
(2020) CG: NR CG: NR morphine treatment for persistent
dyspnea may be an option for
palliative care.
Furtado et al. [31] Prospective study MG: 617 MG: 66.1+NR F MG: 66 (10.7%) When used concomitantly with
(2020) CG: 4821 CG: 67.2+NR death, ML, RIUR, clopidogrel pre-treatment, morphine
or TBO at 96 h;  was associated with higher rates
76 (12.3%) deaths of ischemic events in patients with
or MI at 30 days. non-ST elevation acute coronary
CG: 411 (8.5%) syndrome.
death, MI, RIUR,
or TBO at 96
h; 500 (10.4%)
deaths or MI at
30 days.
Eitel et al. [32] Multicenter cardiac MG: 454 MG: 61 (51, 70) M NR Myocardial damage or clinical
(2020) magnetic resonance CG: 280 CG: 66 (52, 72) prognosis were not affected by
imaging study morphine administration in acute
reperfused STEMI. There may be a
cardio protective effect of morphine
in patients who present early (120
min) according to smaller infarct
size, but this needs to be further
explored in well-designed clinical
trials.
Gotou et al. [33] Retrospective study MG: 38 MG: 78+NR M NR Among the study population,
(2022) CG:NR CG:NR 37% of cases with the end-stage

heart failure receiving continuous
intravenous/subcutaneous morphine
infusion experienced the ADRs,
particularly drowsiness. A baseline
¢GFR< 32 mL/min/1.73 m*was
significantly related to morphine-
related ADRs.

NR: not reported; MG: morphine group; CG: control group; M/F: male/female; AHF: acute heart failure; STEMI: ST-elevation myocardial infarction; MI:
myocardial infarction; RIUR: recurrent ischemia with urgent revascularization; TBO: thrombotic bailout; ADRs: adverse drug reactions; eGFR: estimated

glomerular filtration rate.

for morphine treatment in AHF patients have known to have
several harmful effects like vomiting, myocardial depression, and
respiratory depression as well as the attenuated platelets inhibition.

In the present review, it was observed that morphine as a treatment
modality for AHF comes with its own set of risks as well as benefits.
To further analyze the efficacy of morphine, the mortality of AHF
patients who received morphine treatment was compared with those
who did not receive it. In this review, most of the studies found that
AHF patients who used morphine had higher mortality rates. Patients
with AHF were found to have no benefit from morphine, instead, a
risk of invasive ventilation which is associated with the mortality
was detected, as Caspi et al. found a significant linear relationship
between the dose of morphine administration and the incidence
of invasive mechanical ventilation[27]. Mir6 et al. discovered the
evidence showing that the use of intravenous morphine in AHF
may increase mortality after 30 days based on a propensity score-

matched analysis. In their study, mortality rate was higher in the

morphine group than in the control group[18]. In addition, Dong et
al. showed that the patients who received morphine were much more
likely to suffer from cardiogenic shock and even die from cardiac
arrest[29]. There are also other disadvantages of morphine-use, such
as delaying or diminishing the effect of other drugs. For example,
Parodi et al. reported that in cases with ST-segment-elevation
myocardial infarction (STEMI), morphine-use delayed the onset of
the oral antiplatelet drugs' actions[22], and Kubica et al. demonstrated
that in patients with myocardial infarction, morphine delayed as
well as attenuated the effects of ticagrelor[24]. Moreover, Gotou
et al. suggested that the continuous administration of intravenous
morphine in heart failure patients may lead to adverse drug
reactions[33]. These foundlings were similar to those of the previous
studies conducted by Zhang e: al.[36] as well as Orso ez al.[37],
suggesting that morphine should be used cautiously and should be
avoided wherever possible in patients with AHF.

Whereas, in some other included studies, morphine-use in
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the treatment of AHF patients was found to be not associating
with negative outcomes. As the study done by Puymirat et al.
demonstrated, for pre-hospital safety, administering intravenous
morphine in patients with a STEMI would not result in worse
hospital outcomes or higher mortality[23]. Similarly, Eitelet et al.
found that ischemic myocardial injury and clinical outcome were
not negatively influenced by morphine administration in acute
reperfused STEMI patients[32].

Different from the results of the studies mentioned above,
some studies found the benefits of morphine-use in patients with
cardiovascular disease. For example, according to the study
conducted by Thomas et al., in STEMI patients receiving morphine
treatment who were undergoing primary percutaneous coronary
intervention, the use of intravenous morphine may be essential
to lower the incidence of initial stent thrombosis[25]. Likewise,
Kawaguchi et al. proved that low-doses morphine is effective for
the treatment of refractory dyspnea in patients with advanced heart
failure[30].

In our study, 3024 patients in the group were receiving morphine
treatment for AHF, out of which 534 (17.65%) succumbed to death.
On the other hand, in the control group, 1160 (8.09%) out of 14323
patients had died. Our review showed that AHF patients who did not
receive morphine as a mean of treatment had a lower mortality rate
as compared to the patients in which morphine was administered as
an AHF treatment.

The limitations of this review included that 1) there was no
established treatment protocol regarding to morphine infusion,
2) a majority of studies did not specify the dose and route of
administration of morphine therapy, 3) patients with AHF could
not be further analyzed with respect to dosage or administration
approaches of morphine due to data restrictions, and 4) there were
no other adverse drug reactions evaluated in this study besides the
symptoms that were selected for the assessment.

Based on the outcomes of this review, we found that patients
treated without morphine had a lower mortality rate as compare to
the patients treated with morphine. Some studies have reported that
morphine can cause adverse effects, including death. Hence, there
is an urgent need for additional researchers to focus on competing

effective clinical studies of morphine in AHF.
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